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Abstract. A new mechanical and mathematical model for mining through formation is suggested. A vector 
function  which  describes  the  created  displacement  possibility  of  the  influence  zone  points  of  the  mining 
excavation is applied. The points put under influence react specifically to the offered displacement possibility. 
The  reaction  functional  describes  their  behavior.  The  cause-effect  connection  between  the  behavior  of  the 
displacement’s sources and the reaction of the influence area points is described. The vector function of the 
source of displacement is obtained. The required simplification for mining out a coal seam is made. A new 
formula for determining the vertical displacement field is obtained. 
An approach is suggested which makes it possible to determine the reaction of the rock mass on basis of in-situ 
measurements. The reaction of the rock mass of the created displacements possibility is determined analytically 
after measurements of the displacements in a given mining field are performed. This allows better calculation 
results to be obtained and offers an opportunity to adapt the calculated procedure to the unique conditions in a 
specific mining field. 
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1. Introducing the Idea 
 
The search of formulae describing the process of the rock mass subsidence above a field of 
underground exploitation has been initiated by mining damages. 
The phenomenon discussed in this paper is the occurrence of depression on the earth's surface 
above a field of underground exploitation. If by underground mining a part of geomaterial is 
removed, then the particles above the mined-out area will move downwards until arranging a 
new equilibrium state (Fig.1)  
By  using  an  integral-geometrical  theory  for  predicting  the  mining  subsidence  the 
following formula is applied [3]: 
 
   
 
  , , , . ,
F
w x y x y w d d             (1) 
 
where    , xy   is the influence function; 
       , w   is the subsidence of the collapse area borders.  
 
In order to describe the displacements caused by mining the following mechano-mathematical 
model is suggested [4]: 
Let  us  assume  that  the  rock  mass  points  belong  to  two  multitudes.  The  mining -out 
geomaterial points Q . 
These points are treated as infinitesimal source of displacement possibility.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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 Their behaviour can be described by a vector-function    qQ

 defined in area   Fig.2. 
 
 
Fig. 1. Scheme for subsidence calculating after 
integral-geometrical theories 
 
 
 
Fig. 2. Influence and reaction in rock mass 
 
 
Let us assume that    qQ

 can be written as follows: 
 
        , x y z q Q q Q i q Q j q Q k Q 
   
     (2) 
 
where  ,, i j k

 are the single vectors of the chosen coordinate system. 
When a point  Q    is removed a displacement possibility is created for all points  i P    of 
all strata between the extraction level and the surface. These points  i P  belong to the second 
multitude   , which members are put under the influence of the infinitesimal sources. The 
displacement of the points  i P    can be written as: 
 
        , i x i y i z i i V P V P i V P j V P k P 
   
    . (3) 
 
The point put under influence reacts specifically to the given displacement possibility. 
Its behavior may be described by the reaction’s functional: 
 
  ,
xx xy xz
i yx yy yz i
zx zy zz
W W W
W P W W W P
W W W
  . (4) 
 
The cause-effect connection  between the  behavior of the sources and the reaction  in the 
influence area is described by the operator F:   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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      , , , , , i i i i V P F P Q W P q Q P Q 
 
   

. (5) 
 
It is supposed the operator F is a linear one [6], i.e: 
     
       
1 2 1 2
1 1 2 2
, , , ,
, , , , , , .
ii
i i i i
F P Q Q W P q Q q Q
F P Q W P q Q F P Q W P q Q



 

   
    
   
 (6) 
 
In order to calculate the displacements of all points  i P    caused by extraction of all points 
Q   , let us ascribe the operator F an integral character: 
 
      , i i i V P W P q Q dxdydz P Q



     (7) 
or 
 
 
 
 
 
 
xx xy xz x i x
y i yx yy yz y
z i zx zy zz z
W W W V P q Q
V P W W W q Q dxdydz
V P W W W q Q

 . (8) 
 
The process described by (8) can be viewed upon as a filtration through the rock mass of the 
displacement  possibility  provided  by  the  mining  out  of geomaterial.  According  to  the 
superposition principle the total displacement    i VP

 of the point  i P , is understood as the 
integral  of  the  partial  causes    qQ

  , filtrated through the  functional    i WP   .The  latter 
represents the rock mass reaction to the provided displacement possibility.  
Thus, all the infinitesimal sources  Q    create displacement possibility in every point  i P    
in the influence area. The provided displacement possibility is an integral characteristic of the 
action in a point  i P    of all the sources Q    . 
The possibility mentioned above does not depend on the  i P  points in any way. 
The reaction of the rock mass points  i P    is a local characteristics. It gives expression of the 
degree  in  which  the  potential  displacement  possibility  will  be  realized.  In  fact  this 
characteristic transforms the abstract  medium  into a real physical object, which  has  been 
ascribed elastic, plastic, reological etc. properties. 
 
2. Simplifying the Model by Coal Mining 
 
The model can be simplified by the conditions of coal mining as follows [5]: 
- It may be viewed a plane problem; 
- It may be assumed that the displacement of  i P    caused by the infinitesimal source  Q    
is directed from  i P  to Q ;   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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- According to the fact that H> >m (Fig3.), it may be assumed that the sources lying one over 
the other have the same influence to the rock mass points. 
 
 
Fig.3. Subsidence by mining out a horizontal coal seam - plane problem 
 
Let us draw our attention to the coal seam shown in Fig.3. In this case the function    qQ

, 
describing the infinitesimal source behaviour can be written as follows: 
 
      , xy q Q q Q i q Q j Q 
  
   . (9) 
 
The displacement of the point  i P    can be introduced as 
      , i x i y i i V P V P i V P j P 
  
   . (10) 
The functional describing the rock mass reaction is expressed by: 
 
  ,.
xx xy
ii
yx yy
WW
W P P
WW
   (11) 
 
Thus, for the components of the displacement vector is fulfilled: 
 
      x i xx x yx y V P W q Q W q Q dxdy

     
                                                                                                           , i PQ    (12) 
      y i xy x yy y V P W q Q W q Q dxdy

    . 
The  nuclei  of  the  integrals  (12)  express  the  reaction  of  a  rock  mass  point  i P     on the 
provided  displacement  possibility  by  a  infinitesimal  source  Q     by  viewing  a  plane 
problem. 
 
3. The New Formula 
 
The attempts to present the changes in the geomechanic setting only through the influence 
function without impacting the structure of the relation itself did not produce any encouraging 
results [6]. 
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For  calculating  the  displacement  of  a  real  medium  we  have  to  ascribe  its  physical  and 
mechanical properties, which determine the medium reaction to the provided displacement 
possibility. 
From equation (12) we get: 
 
     
12 ;
x i xx x yx y
xx x yx y x x
V P W q Q dxdy W q Q dxdy
W R W R V V

  
   
 
; 
                    (13) 
     
12 .
y i xy x yy y
xy x yy y y y
V P W q Q dxdy W q Q dxdy
W R W R V V

  
   
 
 
 
In  these  relations 
2 x V   is  a  horizontal  displacement  realized  as  a  result  of  the  vertical 
behaviour of the infinitesimal source. Analogically, 
1 y V  is a vertical displacement as a result 
of the horizontal behaviour of the source [5]. 
Accounting the sense of the functions    ,, kt W k t x y   as a local medium characteristic, which 
determine how the displacement possibility is realized obviously, they will change into the 
following limits: 
 
  0 1 , , kt W k t x y    . 
 
The following changes are introduced to align the notations in the paper with the standard 
ones found in the mining literature [3]: 
By solving plane problems (8) may be written in the form: 
 
.
xx xy x
y yx yy
gg f u
am
f w g g
  (14) 
or 
  .. xx x xy y u am g f g f 
 
                 (15) 
  . . , yx x yy y w am g f g f 
 
where    , f x y

 is the influence vector function with components fx,fy ; gkt=Wkt (x,y=k,t) are the 
components of the rock mass reaction tensor    , G x y . 
 
By determining the reaction's functional we have to specify the most important physical and 
mechanical properties of the rock mass, which govern the displacement behaviour of this a 
medium above a field of underground mining. 
The main goal in mining subsidence predicting is the vertical displacement determining. 
Let we assume in second equation of (15) that gyy >> gyx and fy >> fx .The observation in situ 
verify this suggestion. The horizontal displacement is a function of the vertical one. It can be 
calculated after Avershin [1].   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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In this way from (15) we get for the vertical displacement the following new formula: 
 
      , . . . w x y am f x g x  , (16) 
 
where w(x,y) is the vertical displacement of a point  i P of the influence zone whit coordinates 
(x,y); a is a subsidence factor ; m is the mined out thickness of the coal seam; f(x) is the 
influence function ; g(x)  is the rock mass reaction function. 
Formula (16) is a generalization of the classical main formula for the subsidence calculation 
 
    , w x y amf x  , (17) 
 
where g(x) = 1, i.e. when all of the displacement possibility turns into subsidence. 
Formula (17) represents the vertical displacement of a point  i P  of an ideal medium, if it 
exists. 
To complete the study we have to specify the influence function and the rock mass reaction 
function. This is realized in the second part of the paper. 
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